The flowers and leaves of Ageratina havanensis (Kunth) R. M. King & H. Robinson are traditionally used as a tea to cure several diseases. The production of active secondary metabolites can be affected by several environmental factors such as climate, altitude, rainfall, phenological stage and other conditions that may influence the growth of plants. In this sense, the development of a methodology to compare the chemical composition of plant extracts is needed. The qualitative chemical composition of the ethyl acetate extracts of flowers and leaves, collected in both reproductive and non-reproductive season, was determined by flow injection analysis-electrospray ionization-ion trap tandem mass spectrometry (FIA-ESI-IT-MS n ) and ultra-high-performance liquid chromatography coupled to electrospray negative ionization mass spectrometry (UPLC/ESI-MS n ). The qualitative chemical composition of the ethyl acetate extracts of flowers and leaves was very similar in all cases. Also the antiviral activity of flowers against human herpes simplex viruses type 1 and 2 (HSV-1, HSV-2) (Herpesviridae) was analyzed. Three glucoside flavonoids were isolated from the ethyl acetate extract of the leaves of A. havanensis collected in flowering season using chromatographic methods and their structures were elucidated by physical and spectroscopic data measurements, and by comparing the obtained data with previously published values. The compounds were identified as 3-O-β-D-glucosyl-7-methoxyaromadendrin (5), 7-O-β-D-glucosyl-4'dihydroxy-5-methoxyflavanone (6) and 5-O-β-D-glucosylsakuranetin (7); this is the first report of the isolation of these compounds in the Asteraceae family. Since the qualitative composition of the extracts of A. havanensis was similar in all cases, it can be expected that the ethyl acetate extract of the leaves collected in the non-reproductive season has anti-herpetic activity similar to that obtained in the reproductive season.
In 1973, Dominguez and de la Fuente isolated sakuranetin and pucherryl acetate from A. havanensis grown in Texas [4] . Yu et al, in 1987 , isolated flavones, flavonols, dihydroflavonols, chalcones and glycosides from dichloromethane and ethyl acetate extracts [5] .
In a previous work, our group reported for the first time the antiviral activity of extracts obtained from the leaves and stems of Cuban A. havanensis collected in the flowering season. The major metabolites from the most active extract (ethyl acetate extract of the leaves) were sakuranetin (1), 7-methoxyaromadendrin (2), 4'-O-β-D-glucosyl-7-methoxy-eriodictyol (3) and 4'-O-β-D-glucosylsakuranetin (4) [6] . However, there are no literature data concerning the chemical composition and pharmacological properties of the flowers and the plant in the non-reproductive season.
A number of environmental factors, such as climate, altitude, rainfall, phenological stage and other conditions may affect the growth of plants, which in turn affects the production of secondary metabolites present in the species, even when produced at one site [7] . The purpose of the present work was to develop a relatively fast, precise and accurate method for an extensive profile of flavonoids in A. havanensis suitable for a comparative metabolic profiling of this class of phytochemicals allowing standardization of the plant material, and evaluating its seasonality.
Liquid chromatography-electrospray ionization-tandem mass spectrometry (LC/ESI-MS n ) is considered as a powerful tool for structural elucidation, providing structure specific data for the selective and sensitive identification of either known or unknown molecular structures [8] . Accordingly, an analytical method based on ultrahigh-performance liquid chromatography coupled to electrospray positive ionization mass spectrometry (UPLC/ESI-MS) and flow injection analysis-electrospray ionization-ion trap tandem mass spectrometry (FIA-ESI-IT-MS n ) was implemented for a quick identification of the flavonoids occurring in leaves and flowers of A. havanensis.
In order to obtain qualitative information about the chemical composition, ethyl acetate extracts (EtOAc) of the leaves of A. havanensis collected in both reproductive (flowering) and nonreproductive seasons, were directly injected into the ESI source of an ion trap spectrometer. Figure 1 shows the ESI-IT full scan mass spectra indicating the [M-H]ions of major flavonoids present in the EtOAc extracts of leaves. The direct flow injection ESI-IT-MS fingerprint spectra obtained of the EtOAc extracts were very similar. The ion at m/z 285 was assigned to deprotonated sakuranetin (1), whose fragmentation (MS 2 ) led to the base peak at m/z 165 ([M-120-H] -). This peak derives from the C-ring cleavage through a retro Diels-Alder (RDA) mechanism [9, 10] . The deprotonated molecule at m/z 301 suggested the presence of 7-methoxyaromadendrin (2) . The product ion spectrum of m/z 301 (MS 2 ) showed the RDA ion at The MS of these chromatographic peaks showed a predominant fragment ion at m/z 447, which was assigned to 4'-O-β-Dglucosylsakuranetin (4) and other isomers of 4. The mass spectral data of XIC at m/z 301 showed three components eluting at 3.61, 3.84 and 4.33 min. According to the MS, the presence of compound 3 (4'-O-β-D-glucosyl-7-methoxyeriodictyol) and another glycoside of either eriodictyol or 7-methoxyaromadendrin are suggested. The behavior of the EtOAc extract from leaves in the non-reproductive season ( Figure 3 ) was very similar to the one of the extract in the flowering season, suggesting that the qualitative chemical composition of both extracts is the same. To isolate and characterize the glycosides observed in the EtOAc extracts of the leaves of A. havanensis, a combination of column chromatographic techniques was used. The 1 H-and 13 C-NMR spectroscopic data obtained for these compounds (not shown) are consistent with previously reported data. Compound 5 was identified as 3-O-β-D-glucosyl-7-methoxyaromadendrin. Compound 6 corresponds to 7-O-β-D-glucosyl-4'-dihydroxy-5methoxyflavanone, isolated for the first time from Prunus cerasoides (Rosaceae) by Bahuguna et al. in 1987 [11] . Compound 7 data matched those for 5-O-β-D-glucosylsakuranetin. This flavonoid occurs commonly in the barks of plants belonging to the Cerasus subgenus of the Rosaceae family [12] . Nevertheless, this is the first report of compounds 5, 6 and 7 in the Asteraceae.
Since compounds 6 and 7 were obtained by HPLC-UV with very close retention times, the peaks observed in the UPLC/ESI-MS 2 analysis at 4.55 and 4.76 min (figure 2) were assigned to compounds 6 and 7, respectively. Therefore, the component eluting at 4.06 min corresponds to compound 4.
FIA-ESI-IT-MS n analysis of flowers was performed under the same conditions as those used for leaves. Compounds 1-7 were identified in the EtOAc extract, so it is concluded that the qualitative chemical composition of leaves and flowers is very similar.
For the determination of kaempherol and quercetin, the ethyl acetate extracts of leaves collected in both reproductive and nonreproductive seasons and flowers were analyzed using an UPLC system with a triple quadrupole tandem mass spectrometer equipped with an ESI source, and Probe Zspray operated in multiple reaction monitoring in negative ion electrospray mode. The chromatograms obtained showed the presence of quercetin (transition 301>151) in the extracts.
Man commonly uses leaf and flower infusions to heal several diseases. As far as is known, there is no report about the antiviral activity of the EtOAc extract of flowers of A. havanensis. Taking into account this fact, as well as considering that extracts from leaves and flowers have similar qualitative chemical composition, it was decided to evaluate the antiviral activity of the EtOAc extract of the flowers against human herpes simplex viruses types 1 and 2 (HSV-1, HSV-2) (Herpesviridae). The antiviral activity of the extract at non-cytotoxic concentrations was assessed by measuring its protective effects on infected Vero cells [13] [14] [15] [16] . SI values greater than 2 were considered as an indication of antiviral activity [8] . The EtOAc extract of the flowers showed activity against human herpes simplex viruses types 1 and 2 (HSV-1, HSV-2) since in both cases the SI values were greater than 2 ( Table 1 ). The antiherpetic activity of this extract remains to be investigated, since the maximum concentration tested against HSV-2 did not reach the EC 50 value (SI< 6.21). Based on the anti-herpetic activity observed in the extract and considering that the qualitative compositions of the extracts from the leaves and flowers are similar, it is suggested that the difference in the anti-herpetic activity is related to the quantitative composition of flavonoids previously identified, and that the presence of these flavonoids has a synergistic effect on the antiviral activity. 
Mass spectrometric analysis Flow injection analysis (FIA):
Analyses were performed using a Thermo Finnigan LCQ Deca ion trap mass spectrometer (San Jose, CA, USA) equipped with an ESI interface. Mass spectra were obtained both in positive and negative mode. The data were obtained at full scan (range of m/z 50-2000) and tandem mass scanning modes. For MS n analyses, collision energies chosen for each fragmentation was 35%. The optimized instrumental parameters were: capillary temperature 300 0 C, capillary voltage 13 V, spray voltage 5 kV, sheath gas flow rate 35 (nitrogen, arbitrary units) and auxiliary gas flow rate 10 (arbitrary units). 
UPLC-ESI-IT-MS analysis of the extracts

UPLC-ESI-MS in multiple reaction monitoring mode analysis of the extracts:
Analysis was performed on an ACQUITY TM UPLC system (Waters Corp., Milford, MA, USA) with a conditioned autosampler. The analytical column used was an ACQUITY TM UPLC Xbridge C18 (2.1 x 50 mm, 2.5 m column; Waters Corp., Milford, MA, USA). Analysis was carried out with an elution gradient of water containing 0.1% formic acid (A) and methanol (B) at a flow rate of 400 L/min (10-100% B). The injection volume was 10 L. Mass spectrometric detection was performed using a Waters ACQUITY TM Xevo TQD triple quadrupole tandem mass spectrometer (Waters Corp., Manchester, UK) equipped with an ESI source, Probe Zspray, operated in multiple reaction monitoring, negative ion electospray mode. The monitored transitions included the following: sakuranetin (285>165), kaempherol (285>151), 7methoxyaromadendrin (301>165) and quercetin (301>151). The MS conditions were as follows: capillary temperature 200 0 C, capillary voltage 3.5 kV, cone voltage 39 kV, desolvation temperature 200ºC, source gas flow: desolvation 400 L/h. All data were obtained and processed using Masslynx TM V4.1 software.
Fractionation by gel filtration and adsorption:
The EtOAc extract obtained from the leaves of Ageratina havanensis collected in flowering season (1.0 g) was dissolved in a n-hexane/ chloroform/ methanol (2:1:1) mixture and separated using the same mixture as the mobile phase through a Sephadex LH-20 packed column to give 11 fractions (A-K). Compounds 1, 2, 3 and 4 were isolated from fractions I, J, E and G, respectively [6] . Fraction H (328.1mg) was separated on a silica gel packed column with n-hexane/ chloroform/ methanol (1:3:1) to give 6 fractions.
